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IMAGE PROCESSING APPARATUS, IMAGE
CAPTURE APPARATUS, AND IMAGE
PROCESSING METHOD

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to image processing
apparatus, image capture apparatus, and image processing
method, and specifically relates to a technique of acquiring
light source information.

Description of the Related Art

[0002] Some image capture apparatuses that use an image
sensor such as a digital camera and a digital video camera
have an automatic white balance control function for auto-
matically adjusting the white balance of an image based on
an image (captured image) obtained by capturing. For
example, the automatic white balance control function can
be realized by detecting a portion considered to be white
from a captured image, and applying a gain (called as a
white balance coefficient or a correction value) for each
color component that is calculated such that the detected
portion is to be an achromatic color to the entire image.
[0003] Moreover, Japanese Patent Laid-Open No. 2002-
271638 discloses a digital camera that can realize appropri-
ate white balance for the entire image of a captured image
in a scene in which a plurality of environmental light sources
having different color temperatures are present, by applying
white balance coefficients that are different for respective
areas. Also, Japanese Patent Laid-Open No. 2015-192152
discloses an image capture apparatus that switches between
applying the same white balance coefficient to the entire
image and applying white balance coefficients that are
different for respective areas, based on a captured image.
[0004] In the techniques disclosed in Japanese Patent
Laid-Open No. 2002-271638 and Japanese Patent Laid-
Open No. 2015-192152, the color temperature of an envi-
ronmental light is estimated based on only the captured
image, and therefore there are cases where, if a subject of an
achromatic color is not included in the captured scene, the
estimation accuracy of the color temperature drops.

[0005] The present invention provides, in one aspect, an
image processing apparatus and an image processing
method with which the color temperature of an environmen-
tal light can be accurately estimated using information other
than the captured image.

SUMMARY OF THE INVENTION

[0006] According to an aspect of the present invention,
there is provided an image processing apparatus that gen-
erates, from a captured image, a color temperature map that
indicates color temperature information of light illuminating
a captured scene for each area, comprising: one or more
processors that execute a program stored in a memory and
thereby function as: a determining unit configured to deter-
mine, for each area of the captured image, either an inter-
active light source that has a communication function, a
non-interactive light source that does not have a communi-
cation function, or both of the interactive light source and
the non-interactive light source is a light source that illumi-
nates a corresponding area in the captured scene: and a
generating unit configured to generate the color temperature
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map using: a result of determination made by the determin-
ing unit, color temperature information acquired from the
interactive light source through communication, and color
temperature information of the non-interactive light source
that is estimated based on the captured image.

[0007] According to another aspect of the present inven-
tion, there is provided an image capture apparatus compris-
ing: an image sensor; and an image processing apparatus
that generates, from a captured image obtained by the image
sensor, a color temperature map that indicates color tem-
perature information of light illuminating a captured scene
for each area, wherein the image processing apparatus
comprises: one or more processors that execute a program
stored in a memory and thereby function as: a determining
unit configured to determine, for each area of the captured
image, either an interactive light source that has a commu-
nication function, a non-interactive light source that does not
have a communication function, or both of the interactive
light source and the non-interactive light source is a light
source that illuminates a corresponding area in the captured
scene: and a generating unit configured to generate the color
temperature map using: a result of determination made by
the determining unit, color temperature information
acquired from the interactive light source through commu-
nication, and color temperature information of the non-
interactive light source that is estimated based on the cap-
tured image.

[0008] According to a further aspect of the present inven-
tion, there is provided an image processing method for
generating, from a captured image, a color temperature map
in that indicates color temperature information of light
illuminating a captured scene for each area, the image
processing method comprising: determining, for each area
of the captured image, either an interactive light source that
has a communication function, a non-interactive light source
that does not have a communication function, or both of the
interactive light source and the non-interactive light source
is a light source that illuminates a corresponding area in the
captured scene: and generating the color temperature map
using a result of the determination, color temperature infor-
mation acquired from the interactive light source through
communication, and color temperature information of the
non-interactive light source that is estimated based on the
captured image.

[0009] According to another aspect of the present inven-
tion, there is provided a non-transitory computer-readable
medium storing a program for causing a computer to execute
an image processing method for generating, from a captured
image, a color temperature map in that indicates color
temperature information of light illuminating a captured
scene for each area, the image processing method compris-
ing: determining, for each area of the captured image, either
an interactive light source that has a communication func-
tion, a non-interactive light source that does not have a
communication function, or both of the interactive light
source and the non-interactive light source is a light source
that illuminates a corresponding area in the captured scene:
and generating the color temperature map using a result of
the determination, color temperature information acquired
from the interactive light source through communication,
and color temperature information of the non-interactive
light source that is estimated based on the captured image.
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[0010] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments (with reference to the attached draw-

ings).
BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1A is a block diagram illustrating an exem-
plary functional configuration of an image capture apparatus
that is one example of an image processing apparatus
according to an embodiment.

[0012] FIG. 1B illustrates an exemplary configuration of a
communication unit 110.

[0013] FIG. 1C is a diagram schematically illustrating an
exemplary arrangement of optical communication sensors
1004 in an image sensor.

[0014] FIG. 2 is a flowchart regarding color temperature
map generation processing according to the embodiment
[0015] FIG. 3A is a diagram regarding the color tempera-
ture identifying processing in FIG. 2.

[0016] FIG. 3B is a flowchart regarding the color tem-
perature identifying processing in FIG. 2.

[0017] FIG. 4 is a flowchart regarding calculation process-
ing of a white balance coefficient using a color temperature
map.

[0018] FIGS. 5A to 5G are schematic diagrams for
describing an example of an area of interest.

[0019] FIG. 6 is a schematic diagram illustrating one
example of a color temperature map.

[0020] FIGS. 7A and 7B are flowcharts regarding white
balance control processing by area in a seventh embodiment.
[0021] FIG. 8 is a schematic diagram illustrating an
example of a change in color temperature map over time.
[0022] FIGS. 9AA to 9CC are schematic diagrams regard-
ing weighting of light source reliability based on a color
temperature map and a distance map.

[0023] FIG. 10 is a diagram illustrating an example of a
mixing ratio between a partial WB coefficient and an overall
WB coefficient according to the light source reliability.

DESCRIPTION OF THE EMBODIMENTS

[0024] Hereinafter, embodiments will be described in
detail with reference to the attached drawings. Note, the
following embodiments are not intended to limit the scope
of the claimed invention. Multiple features are described in
the embodiments, but limitation is not made to an invention
that requires all such features, and multiple such features
may be combined as appropriate. Furthermore, in the
attached drawings, the same reference numerals are given to
the same or similar configurations, and redundant descrip-
tion thereof is omitted.

[0025] Note that, in the following embodiments, a case
where the present invention is implemented in an image
capture apparatus such as a digital camera or a digital video
camera will be described. However, image capture function
is not essential to the invention, and the invention can be
implemented in any electronic device that can process image
data. Such electronic devices include a video camera, a
computer device (such as a personal computer, a tablet
computer, a media player, or a PDA), a mobile phone, a
smartphone, a game machine, a robot, a drone, and a drive
recorder. These are merely examples, and the invention can
be implemented in another electronic device.
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First Embodiment

[0026] FIG. 1A is a block diagram illustrating a basic
exemplary functional configuration of an image capture
apparatus 100 (hereinafter, referred to as a camera 100), a
one example of the image processing apparatus according to
the embodiment of the present invention. An optical system
101 is an imaging optical system that includes a lens group,
a shutter, an aperture, and the like, and forms an optical
image of a subject on an image plane of an image sensor
102. The lens group includes fixed lenses and movable
lenses, and the movable lenses include a lens for image
stabilization, a focus lens, a variable magnification lens, and
the like. Also, the aperture may have a shutter function. The
operations of the movable lenses, the aperture, and the
shutter are controlled by a CPU 103, which is a main control
unit of the camera 100. The optical system 101 may be
replaceable or not. Note that when the optical system 101 is
replaceable, the shutter is provided on the body side of the
camera 100. Note that the camera 100 may not include a
mechanical shutter. The CPU 103 can acquire pieces of
information (focus lens position, focal length, F-number,
and the like) of the optical system 101 directly or indirectly
through a controller of the optical system 101.

[0027] The image sensor 102 is a CCD image sensor or a
CMOS image sensor, for example, and in which a plurality
of pixels each including a photoelectric conversion area are
two-dimensionally arranged. Also, the image sensor 102
includes a color filter having a specific color pattern, and
each pixel is provided with a filter of one color according to
the color pattern. The present invention does not depend on
the color pattern of the color filter, but here, a color filter
having a primary color Bayer array is assumed to be
provided. Therefore, each pixel is provided with one of color
filters of R (red), G (green), and B (blue). The image sensor
102 converts an optical image into an analog image signal
indicating luminance information of each pixel by perform-
ing photoelectric conversion in each pixel.

[0028] The analog image signal generated by the image
sensor 102 is converted to a digital image signal by an A/D
converter (not illustrated). Note that the A/D converter may
be included in the image sensor 102, or the CPU 103 may
perform A/D conversion. The pixel signal that constitutes a
digital image signal output from the A/D converter is RAW
data including only a luminance component of the color of
the color filter provided in the pixel that generates the signal.
The CPU 103 stores the RAW data in a primary storage
device 104. Note that the imaging sensitivity (hereinafter,
referred to as “ISO speed”) of the image sensor 102 is set by
the CPU 103.

[0029] The CPU 103 controls the units of the camera 100
and realizes various functions of the camera 100 by trans-
ferring a program stored in a secondary storage device 107
to the primary storage device 104 and executing the pro-
gram. Note that, in the following description, at least some
of the functions realized by the CPU 103 executing a
program may be realized by dedicated hardware such as an
ASIC.

[0030] The primary storage device 104 is a volatile storage
device such as a RAM. The primary storage device 104 is
used by the CPU 103 to execute a program, and in addition
thereto, is used as a buffer memory of image data, a work
area for image processing, a video memory for display, or
the like.
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[0031] The secondary storage device 107 is a rewritable
nonvolatile storage device such as an EEPROM. The sec-
ondary storage device 107 stores a program (command) that
can be executed by the CPU 103, settings of the camera 100,
GUI data, and the like.

[0032] A recording medium 106 is a rewritable nonvolatile
storage device such as a semiconductor memory card. The
recording medium 106 may be detachable relative to the
camera 100 or maybe not. The data (still image data, moving
image data, sound data, etc.) generated by the camera 100
can be recorded in the recording medium 106. That is, the
camera 100 includes a function of reading/writing from/to
the recording medium 106 and a detachment mechanism (if
the recording medium 106 is detachable). Note that the
recording destination of data generated by the camera 100 is
not limited to the recording medium 106. The data may be
transmitted to an external device thorough a communication
interface included in the camera 100, and the external device
may record the data in a recording apparatus that can be
accessed by the external device.

[0033] A display unit 108 is a liquid crystal display, for
example. The CPU 103 functions as a display control device
of the display unit 108. In a shooting stand-by state and
while a moving image is recorded, a shot moving image is
displayed in the display unit 108 in real time, and the display
unit 108 functions as an electronic viewfinder. Also, image
data recorded in the recording medium 106 and a GUI
(Graphical User Interface) image such as a menu screen are
also displayed in the display unit 108.

[0034] A console unit 109 is a generic name of an input
device group for accepting a user operation. A button, a
lever, a touch panel, and the like are used in the console unit
109. The console unit 109 may include an input device that
does not require physical operation, such as those that uses
a voice or a line of sight. The input devices included in the
console unit 109 are respectively given names correspond-
ing to the assigned functions. A representative example
includes a shutter button, a menu button, a direction key, a
determination (set) button, a mode switching dial, and the
like. Note that different functions may be selectively
assigned to one input device.

[0035] An image processing unit 105 applies predeter-
mined image processing to image data (that may be RAW
data or image data subjected to developing processing), and
generates pieces of image data in different formats, and
acquires and/or generates various types of information. The
image processing unit 105 may be a dedicated hardware
circuit such as an ASIC that is designed to realize a specific
function, or may be configured such that a specific function
is realized by a programmable processor such as a DSP
executing software.

[0036] Here, the image processing applied by the image
processing unit 105 includes preprocessing, color interpo-
lation processing, correction processing, data processing,
evaluation value calculation processing, special effect pro-
cessing, and the like. The preprocessing includes signal
amplification, reference level adjustment, defective pixel
correction, and the like. The color interpolation processing
is processing for obtaining a color component value that is
not included in image data read out from pixels by interpo-
lation, and is also called as demosaicing processing or
synchronization processing. The correction processing
includes white balance control, tone correction (gamma
processing), processing for correcting influences of optical
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aberration and optical vignetting of the optical system 101,
and the like. The data processing includes synthesizing
processing, scaling processing, encoding and decoding pro-
cessing, header information generation processing, and the
like. The evaluation value calculation processing includes
generation processing of a signal and an evaluation value
that are to be used for automatic focus detection (AF),
calculation processing of an evaluation value to be used for
automatic exposure control (AE), and the like. Special effect
processing includes addition of blur, changing of color tone,
relighting processing, and the like. Note that these are
examples of image processing that can be applied by the
image processing unit 105, and the image processing to be
applied by the image processing unit 105 is not limited
thereto.

[0037] Among the pieces of image processing applied by
the image processing unit 105 to RAW data, a series of
image processing for converting RAW data to image data in
a general format that can be used for display or printing as
photograph data is called as developing processing. In
general, the developing processing includes white balance
control processing and color complementing processing, and
may also include, in addition thereto, lens aberration cor-
rection processing, noise reduction (NR) processing, gamma
(tone conversion) processing, or the like.

[0038] Also, in the image processing unit 105, a series of
image processing sets corresponding to shooting modes that
can be set to the camera 100 are registered in advance. With
this, image processing appropriate for the scene can be
executed on image data obtained by shooting a specific
scene such as a night scene or a sunset glow.

[0039] Note that, in the present embodiment, the image
processing unit 105 executes processing regarding the white
balance control, but at least some of the processing regard-
ing the white balance control may be executed by the CPU
103.

[0040] A communication unit 110 is a communication
interface with an external apparatus such as an interactive
light source 201. The communication unit 110 can perform
communication conforming to at least one standard of wired
and wireless communication. For example, the communica-
tion unit 110 may include separate communication units
according to the type and standard of communication, as
shown in FIG. 1B. FIG. 1B shows an example in which the
communication unit 100 includes a wired communication
unit 100a, a wireless communication unit 10056, and an
optical wireless communication unit 100¢. Here, the wire-
less communication unit 1006 performs communication
conforming to a communication standard using an electro-
magnetic wave such as Wi-Fi (at least one of IEEE 802.11
series) or Bluetooth (registered trademark). The optical
wireless communication unit 100¢ performs communication
conforming to a communication standard using light such as
IrDA or Li-Fi. The wired communication unit 100a performs
communication conforming to a communication standard
using a wired transmission line such as Ethernet (registered
trademark) or USB. Each communication unit may conform
to a plurality of communication standards.

[0041] The wired communication unit 1004, the wireless
communication unit 1005, and the optical wireless commu-
nication unit 100¢ may be mounted in the camera 100 using
any method as long as communication with an external
apparatus can be realized. In particular, the optical wireless
communication unit 100¢ can be mounted so as to replace
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some pixels of the image sensor 102. The optical wireless
communication unit 100c¢ that is arranged on the image
sensor 102 is called as optical communication sensors 110d.

[0042] The optical communication sensors 1004 are regu-
larly arranged in the pixel array 102 in which a plurality of
pixels are two-dimensionally arranged, as shown in FIG. 1C.
As a result of arranging the plurality of optical communi-
cation sensors 1004 in a form of replacing some pixels, in
this way, pieces of information that are different for respec-
tive partial areas centered about respective optical commu-
nication sensors 100d can be received by the optical com-
munication sensors 100d. For example, when ten optical
communication sensors 1004 are arranged in the pixel array
102a at equal intervals, a captured image can be divided into
ten partial areas each including one optical communication
sensor 1004. If a light source that transmits information of
the light source using emitted light is present, information
regarding a light source that illuminates a captured scene can
be obtained, for each partial area, from the information of
the light source that is received by the optical communica-
tion sensor 1004 as reflected light. The optical communica-
tion sensor 1004 may be a pixel including a filter having a
spectral characteristic of selectively transmitting light hav-
ing a wavelength that the light source uses for communica-
tion, similarly to the color filter, for example. Note that when
shot image data is generated, the optical communication
sensors 1004 are treated as defective pixels.

[0043] A light source group 200 is a plurality of light
sources that illuminate a captured scene. In the present
embodiment, the light source group 200 includes an inter-
active light source 201 and a non-interactive light source
202. The interactive light source 201 includes a control unit
201a, a communication unit 2015, and a light emitting unit
201c, and is a light source that can communicate with the
camera 100 through the communication unit 110. The light
emitting unit 201¢ includes a plurality of LEDs of R (red),
G (green), and B (blue), for example. The interactive light
source 201 is an intelligent light source (smart light source),
and the color temperature and brightness of the light source
can be changed by the control unit 201a controlling the light
emitting intensities of LEDs of the light emitting unit 201¢
for respective color components. The control unit 201a
changes the brightness (including turning/on and off) and the
color temperature of the light emitting unit 201¢ in accor-
dance with the instruction from the camera 100. Also, the
control unit 201¢ can transmit, when communication with
the camera 100 is established or in response to the request
from the camera 100, the information of the interactive light
source 201 (brightness, color temperature, adjustable param-
eter and its range, and whether or not optical communication
function is present, hereinafter these pieces of information
are referred to as light source information) to the camera
100.

[0044] The non-interactive light source 202 is a light
source (conventional light source) that does not have a
communication function with an external apparatus. The
non-interactive light source 202 includes, in addition to an
artificial light source, a natural light source such as sunlight.
The non-interactive light source is a light source such as a
conventional fluorescent light regarding which controlling
of the light emitting state or acquisition of information
thereof cannot be performed from the camera 100.

Sep. 2, 2021

[0045] Creation of Color Temperature Map

[0046] FIG. 2 is a flowchart regarding operations of gen-
erating a color temperature map that are realized by the CPU
103 controlling the units, in the present embodiment. The
color temperature map is information in which, for each
partial area of the captured image, color temperature infor-
mation regarding illumination light at a corresponding cap-
tured scene is recorded.

[0047] Note that the range of the captured scene indicated
by the color temperature map need not be completely
matched with the captured scene of the captured image. For
example, the color temperature map may be created with
respect to a range including the captured scene, or a part of
the captured scene (e.g., a part of edge portions of the
captured scene) may not be included in the color tempera-
ture map.

[0048] The color temperature information may be a color
temperature representing the color of light emitted by the
light source using a corresponding blackbody temperature
(unit: kelvin (K)). With respect to a light source whose
chromaticity is not present on the blackbody locus, the
correlated color temperature may be adopted, and in this
case, the color temperature information is information also
including a color difference Auv from the blackbody locus.
Also, a chromaticity coordinate value (x, y) in the XYZ
color system may be adopted. Also, any form of the color
temperature information may be adopted as long as the
information is information representing the light source or
the color of light emitted by the light source, such as the
information obtained by the spectrum of spectral distribution
being sampled and recorded. In the following “color tem-
perature” is used as a generic name of information in which
a light source or the color of light emitted by the light source
is represented using any scale.

[0049] Note that, if the color temperature of the light
source changes due to degradation over time of the light
emitting body or the like of the interactive light source 201,
the difference between the color temperature in the specifi-
cation that is transmitted by the interactive light source 201
and the actual color temperature increases. Therefore, infor-
mation regarding a use period or a use status of the light
source may be added to the color temperature map. Also,
when it can be determined that the difference between the
color temperature in the specification and the actual color
temperature is largely based on the use period and the use
status of the light source, for example, intrinsic information
of the interactive light source 201 may be included in the
color temperature map instead of the color temperature. In
this case, the color temperature cannot be known from the
color temperature map, but it is possible to understand
partial areas whose color temperatures are different. Also,
luminance information may be added to the color tempera-
ture map.

[0050] The generation operation of the color temperature
map shown in FIG. 2 may be executed in response to a user
instruction made through the console unit 109, or may be
automatically executed as a part of the white balance control
operation. Note that, before starting the generation operation
of the color temperature map, the CPU 103 detects interac-
tive light sources that are present in a communication range
of the communication unit 110, and enters a state of being
able to communicate with each of the detected interactive
light sources. Note that, here, it is assumed that the com-
mand system for controlling the interactive light source is
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common with respect to all of the interactive light sources,
for the sake of description and understanding. Also, the
optical communication sensors 1004 are assumed to be
provided in the image sensor 102.

[0051] In step S201, the CPU 103 transmits a command
instructing to turn off light to an interactive light source 201
through the communication unit 110. This command is a
command to be issued to interactive light sources 201
without imposing limitation or a command to be separately
issued to a designated interactive light source 201, with
respect to the interactive light sources 201 that are detected
in advance, for example. With this, the interactive light
sources 201 that are present in the communication range are
turned off. On the other hand, the state of the non-interactive
light source 202 remains the same.

[0052] In step S202, the CPU 103 obtains a captured
image by executing shooting. Alternatively, when moving
image shooting is performed in parallel, a frame image that
is shot after transmitting the turning off instruction may be
used. The CPU 103 acquires the luminance information of
the captured image using the image processing unit 105, and
determines whether or not an illuminated area is present.
[0053] For example, if it is determined that an area whose
luminance is a threshold value or more based on an average
luminance of the entire captured image or an average
luminance of each of partial areas obtained by dividing the
captured image, it can be understood that a portion illumi-
nated by the non-interactive light source 202 is present in the
captured scene. If it is determined that an illuminated area is
present in the captured scene, the CPU 103 executes step
S203. If it is not determined that an illuminated area is
present in the captured scene, the CPU 103 executes step
S206.

[0054] As described above, the CPU 103 can obtain the
color temperature of an interactive light source 201 by
communicating with the interactive light source 201. How-
ever, regarding the non-interactive light source 202, the
color temperature needs to be estimated from a captured
image. The processing in steps S203 to S205 is processing
for estimating the color temperature of the non-interactive
light source 202.

[0055] In step S203, the CPU 103 determines whether or
not the interactive light source 201 has a function of con-
trolling the color temperature. If it is determined that the
light source 201 has a function of controlling the color
temperature, the CPU 103 executes step S205, whereas if it
is not determined that the light source 201 has a function of
controlling the color temperature, the CPU 103 executes
step S204. This determination can be performed based on
the light source information acquired when establishing
communication with the interactive light source 201, or
based on the light source information acquired from the
interactive light source 201 in step S203.

[0056] In step S204, the CPU 103 estimates the color
temperature of the non-interactive light source 202 using a
known automatic white balance control method. For
example, the CPU 103 estimates the color temperature using
a value of a pixel that is determined to be white out of the
captured image.

[0057] Forexample, the image processing unit 105 divides
the captured image into a predetermined number (e.g., 24 in
a horizontal direction and 16 in a vertical direction) of
images, and calculates color evaluation values based on
RGB signals included in the respective divided areas. Also,
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the image processing unit 105 detects an area whose color
evaluation value is included in evaluation values of a white
range determined in advance as a white area. Note that it is
assumed that “white area” is not limited to white and
includes an area of an achromatic color. Also, the interactive
light source 201 is turned off in a stage of step S204, and
therefore the white area is detected from divided areas
whose average luminance is a threshold value or more, out
of the divided areas.

[0058] The CPU 103 estimates a light source having a
color evaluation value whose distance, in the chromaticity
diagram, from the color evaluation value obtained by the
image processing unit 105 is shortest, out of the color
evaluation values similarly obtained from captured images
obtained by shooting a white object under a plurality of
different types of light sources, in advance. Also, the CPU
103 estimates the color temperature of the specified light
source as the color temperature of the non-interactive light
source 202 that illuminates the divided area corresponding
to the color evaluation value obtained by the image process-
ing unit 105.

[0059] In this way, the color temperature of the non-
interactive light source 202 that illuminates the divided area
can be estimated. Note that the color temperature to be
estimated here is a color temperature obtained by assuming
that the non-interactive light source 202 that illuminates the
divided area is one light source. When a plurality of non-
interactive light sources 202 having different color tempera-
tures illuminate one divided area, the color temperatures of
individual non-interactive light sources 202 cannot be esti-
mated with this method.

[0060] Note that a divided area that does not include an
achromatic color portion is not detected as a white area, and
therefore it is difficult to estimate the color temperature of a
light source with respect to the divided area. With respect to
such a divided area, the CPU 103 may record a predeter-
mined color temperature, or may record an error value
indicating that the color temperature cannot be detected.
[0061] The processing in step S205 corresponds to color
temperature identifying processing for estimating the color
temperature of the non-interactive light source 202 using the
interactive light source 201 whose color temperature can be
controlled from the camera 100. FIG. 3A is a diagram
schematically illustrating the color temperature identifying
processing in step S205, and FIG. 3B is a flowchart of the
color temperature identifying processing. 301 indicates a
captured scene (shooting range). Therefore, the shooting
range 301 shown in FIG. 3A includes an area illuminated by
the interactive light source 201, an area illuminated by the
non-interactive light source 202, and an area illuminated by
both of the light sources.

[0062] Because the interactive light source 201 is turned
off when the execution of step S205 is started, the state
corresponds to state 1.

[0063] First, in step S2050, the CPU 103 calculates the
color evaluation value with respect to a divided area whose
average luminance is the threshold value or more, similarly
to step S204, using the image processing unit 105, with
respect to a captured image obtained in this state.

[0064] Next, in step S2051, the CPU 103 turns on the
interactive light source 201 so as to enter state 2. Also, the
CPU 103 causes the interactive light source 201 emits light
at a predetermined color temperature. The CPU 103 changes
the color temperature of the interactive light source 201
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when executing step S2051 second time or later. The CPU
103 detects an area 303 (overlapped area) whose luminance
has increased as a result of turning on the interactive light
source 201, out of the area illuminated by the non-interactive
light source 202 (partial area 302 of the shooting range 301)
in the captured image obtained at state 1, from the captured
image, using the image processing unit 105. Also, the CPU
103 causes the image processing unit 105 to calculate the
color evaluation value of the detected overlapped area.
[0065] In step S2053, the image processing unit 105
compares the color evaluation value calculated with respect
to the overlapped area with the color evaluation value
obtained with respect to the same area of the captured image
at state 1, and outputs the difference to CPU 103.

[0066] In step S2054, the CPU 103 determines whether or
not the difference in color evaluation value has been calcu-
lated at states in which the interactive light source 201 is
caused to emit light at a plurality of respective predeter-
mined color temperatures. If it is determined that a color
temperature with respect to which the difference in color
evaluation value has not been obtained is present, the CPU
103 again executes step S2051. If it is determined that the
difference in color evaluation value has been calculated at all
of the plurality of color temperatures, executes step S2055.
In this way, in steps S2051 to S2054, the CPU 103 obtains
the value of the difference in color evaluation value that is
obtained by the image processing unit 105, while changing
the color temperature of the interactive light source 201 step
by step.

[0067] In step S2055, the CPU 103 specifies a color
temperature of the interactive light source at which the
difference in color evaluation value is smallest, and regards
this color temperature as the color temperature of the
non-interactive light source 202. The reason is because when
the color temperature of the interactive light source 201
becomes the same as the color temperature of the non-
interactive light source 202, the color evaluation values
obtained at state 1 and state 2 become the same with respect
to the partial area 303. Note that, as a result of detecting the
overlapped area when the color evaluation value is obtained
at state 1, and obtaining the color evaluation value with
respect to the overlapped area at state 1 as well, the color
evaluation value can be obtained with respect to the same
area (overlapped area) at state 1 and state 2, and the
estimation accuracy can be improved. However, at state 2,
the color evaluation value need only be obtained with
respect to at least an area illuminated by the interactive light
source 201. Note that, if the areas with respect to which
color evaluation value is obtained are different between state
1 and state 2, there are cases where the subjects included in
the areas are different, and in this case, it is possible that the
estimation accuracy drops.

[0068] Note that if the color temperature of the interactive
light source 201 at which the difference in color evaluation
value is smallest cannot be detected, the CPU 103 can set,
as the color temperature of the non-interactive light source
202, the color temperature that is smallest in a variable range
of the color temperature of the interactive light source 201,
or can set a value indicating an error. For example, a case
where the color temperature of the non-interactive light
source 202 is not included in the variable range of the color
temperature of the interactive light source 201 corresponds
to this case. For example, when the color temperature of the
interactive light source 201 is variable in a range from
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3000K to 7000K, and the color temperature of the non-
interactive light source 202 is 8000K, the minimum point of
the difference in color evaluation value cannot be specified.
In this case, the CPU 103 can set the color temperature of
7000K can be set as the color temperature of the non-
interactive light source 202, or can set an error value.
[0069] Also, in state 2, if the area 303 that is illuminated
by both of the interactive light source 201 and the non-
interactive light source 202 is too bright or too dark, the
RGB signal may saturate or take a value close to 0, and
therefore it becomes difficult to correctly calculate the color
evaluation value of the area 303. In this cased as well, the
CPU 103 can set an error value as the color temperature of
the non-interactive light source 202.

[0070] The color temperature identifying processing in
step S205 has a merit, different from the white range
detection in step S204, of being able to estimate the color
temperature of the non-interactive light source 202 even
when a subject of an achromatic color is not present in the
captured scene. However, the color evaluation value is
influenced by the original color of an object, and therefore,
if the subject has a strong chromatic color, the estimation
accuracy of the color temperature drops. Therefore, the color
evaluation values at state 1 and state 2 may be calculated by
excluding a divided area having a strong chromatic color,
out of the divided areas included in the area 303.

[0071] The area 303, of the shooting range 301, that is
illuminated by both of the interactive light source 201 and
the non-interactive light source 202 can be detected as an
area that becomes brighter at state 2, out of the areas whose
luminance is the threshold value or more at state 1. If the
area 303 is not present, divided areas whose distance is
small, out of the areas whose luminance is the threshold
value or more at state 1 and areas that become brighter at
state 2 than at state 1, are taken as a pseudo overlapped area.
[0072] Note that because the partial areas that are taken as
the pseudo overlapped area are separate, the possibility that
subjects of different colors are shot in the respective partial
areas increases, and the estimation accuracy of the color
temperature drops. Therefore, the differences of color evalu-
ation values obtained by using a method similar to that in
step S204 may be calculated with respect to each of the areas
whose luminance is the threshold value or more at state 1
and the areas whose luminance is the threshold value or
more at state 2.

[0073] Note that, in step S205, the color temperature of the
interactive light source 201 may be changed in any way as
along as a local minimum value or a minimum value of the
color temperature difference can be detected. Several con-
ceivable examples are shown as follows.

[0074] (Example 1) The color temperature is switched in
an adjustable range in the ascending order or the descending
order. For example, the color temperature is switched from
3000K to 3500K, 4200K, 5000K, and 6500K.

[0075] (Example 2) In Example 1, since the light of the
interactive light source 201 gradually changes from red to
blue, a user who looks at the captured scene easily perceive
that the illumination color changes. For example, as a result
of alternatingly switching the color temperature between a
low color temperature and a high color temperature such as
the switching from 3000K to 6500K, 3500K, 5000K, and
4200K, because switching between red light and blue light
occurs in a short period of time, the red and blue light is not
easily perceivable to human eyes.
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[0076] (Example 3) In Examples 1 and 2, the color tem-
perature is changed in the entirety of adjustable range.
However, the changeable range of the color temperature
may be limited to a portion of the adjustable range. For
example, step S204 is executed prior to step S205, and the
color temperature of the non-interactive light source 202 is
provisionally estimated. Then, in step S205, the color tem-
perature is changed in a partial range including the estimated
color temperature. For example, if the provisionally esti-
mated color temperature is 4200K, the color temperature can
be changed in a range from 3500K to 5000K.

[0077] (Example 4) The order of color temperatures to be
changed is determined using a known method of solving an
optimization problem such as a gradient method.

[0078] Note that these Examples 1 to 4 may be combined,
or the color temperature may be changed with a different
method.

[0079] When the color temperature of the non-interactive
light source 202 is detected in step S204 or S205, the CPU
103 generates a color temperature map be executing step
S206 and onward.

[0080] In step S206, the CPU 103 determines whether or
not the interactive light source 201 has an optical commu-
nication function. If it is determined that the optical com-
munication function is included, the CPU 103 executes step
S207, whereas if it is not determined that the optical
communication function is included, the CPU 103 executes
step S209. This determination can be performed based on
the light source information acquired when establishing
communication with the interactive light source 201, or
based on the light source information acquired from the
interactive light source 201 in step S203.

[0081] In step S207, the CPU 103 receives a signal output
from an optical communication sensor 1104 through the
image processing unit 105, applies necessary processing
such as demodulation and decoding, and obtains the color
temperature transmitted by the interactive light source 201
using optical communication, for each area of the captured
image.

[0082] In step S208, the CPU 103 determines whether or
not the color temperature has been acquired from each of the
optical communication sensors 1004. Because the optical
communication with the interactive light source 201 uses
light reflected from subjects, if a subject whose reflectance
of illumination light of the interactive light source 201 is low
is present, the communication quality drops. For example, a
black subject and a subject of material that scatters or
absorbs light have low light reflectance. Note that an optical
communication sensor 1004 that receives light from an area
illuminated by a plurality of light sources receives data from
each of the plurality of light sources.

[0083] When the communication quality is low and data
cannot be correctly obtained, or the interactive light source
201 does not have an optical communication function, in
step S209, the CPU 103 determines areas illuminated by the
respective interactive light sources 201 in the captured
scene. Specifically, the CPU 103 turns off all of the inter-
active light sources 201, similarly to step S201 (correspond-
ing to state 1 in FIG. 3A).

[0084] The area having a luminance of a threshold value
or more in the captured image obtained in this state corre-
sponds to an area illuminated by the non-interactive light
source 202. The CPU 103 sets the color temperature of the
non-interactive light source 202 that is estimated in step
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S204 or S205, with respect to areas having a luminance of
the threshold value or more in the captured image obtained
in a state in which all of the interactive light sources 201 are
turned off, out of the captured image. The setting of the color
temperature may be performed for each divided area
described above or may be performed for each pixel.

[0085] Next, the CPU 103 obtains a captured image while
turning on the interactive light sources 201 one by one. As
described regarding state 2 in FIG. 3A, if an area is present
that becomes brighter in the captured image as a result of
turning on an interactive light source 201 that has been
turned off, the area can be determined as an area illuminated
by the interactive light source 201 that is turned on. The
CPU 103 sets the color temperature of the interactive light
source 201 that is turned on with respect to the area that has
been determined to be illuminated by the interactive light
source 201 that is turned on, out of the captured image.

[0086] The CPU 103 can set the color temperature of the
interactive light source 201 that is turned on to the color
temperature map using light source information acquired
when establishing communication with the interactive light
source 201 or light source information acquired from the
interactive light source 201 in step S203. Alternatively, the
CPU 103 may set the color temperature to the color tem-
perature map by again acquiring the light source information
from the interactive light source 201 that is turned on, in step
S209.

[0087] The CPU 103 successively executes similar pro-
cessing with respect to the remaining interactive light
sources 201, and set, with respect to the area illuminated by
each interactive light source 201, the color temperature of
the interactive light source. When the setting of the color
temperature is ended with respect to all of the interactive
light sources 201, one or a plurality of color temperatures are
set for each area of the captured image.

[0088] In step S210, the CPU 103 generates an ultimate
color temperature map. If a plurality of light sources are
present, an area (hereinafter, referred to as an “overlapped
area”) that is illuminated by a plurality of light sources may
be present, as an area 303 in FIG. 3A. With respect to an area
illuminated by an individual light source, the color tempera-
ture of the light source is set in step S209, and therefore a
plurality of color temperatures are set with respect to an area
illuminated by a plurality of light sources.

[0089] In step S210, one color temperature is set by
combining the color temperatures with respect to an over-
lapped area with respect to which a plurality of color
temperatures are set in this way. The color temperature can
be combined using a known method, and one example will
be described in the following.

[0090] In general, when the reflectance of a subject does
not largely rely on the color temperature of a light illumi-
nating the subject, there is a tendency that the color tem-
perature of an overlapped area approaches the color tem-
perature of the light source whose illumination intensity is
larger. For example, in an overlapped area illuminated by
two light sources of 4000K and 5000K, if the illumination
intensity by the light source of 5000K is higher, the color
temperature of the overlapped area takes a value that is
larger than 4500K (less than S000K, however).

[0091] The illumination intensity depends on the distance
from the light source, but the distance from the light source
to the subject is unknown, and therefore weighted averaging
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of the color temperatures is performed according to the
brightness (luminance) of the subject due to each light
source.

[0092] When two light sources are present, the color
temperatures thereof are denoted by K1 and K2, and the
luminance thereof are denoted by Y1 and Y2, the combined
color temperature Kmix can be obtained using the following
Formula 1.

Kmix=(K1xY1+K2x ¥2)/(Y1+Y2) (Formula 1)

[0093] When three or more light sources are present, the
combined color temperature can be calculated by increasing
the number of terms. Note that the unit of the color tem-
perature is not limited to K (Kelvin) as described above.
When the temperature in K and a color difference Auv are set
to the map in a combined manner, these values may be
applied to Formula 1. Also, Formula 1 may be applied in a
uniform perceptual space represented using a unit such as
the mired ([M]).

[0094] Note that the luminance may be calculated from a
captured image, or may be calculated using some method
based on the brightness (output wattage or total luminous
flux) included in the light source information.

[0095] Note that there are cases where it is better to not
combine the color temperatures with respect to an over-
lapped area depending on the application of the color
temperature map. In this case, the luminance may be cal-
culated as the ratio in brightness between light sources, and
included in the color temperature map. Also, a configuration
may be adopted in which whether or not step S210 is to be
executed can be set. Note that the generation processing of
the color temperature map described above can be executed
in an apparatus that does not have a function of controlling
an interactive light source or an image capture function as
long as necessary image data can be obtained. Therefore, the
color temperature map can be generated in any apparatus
that can acquire an image to be used for estimating the color
temperature from the camera 100 or another apparatus.

[0096] The color temperature map by area of the captured
scene can be generated in this way. The color temperature
map can be used in various applications, and as a result of
using it in white balance control, for example, accurate
white balance control can be realized with respect to a
captured image in a scene in which a plurality of light
sources whose color temperatures are different are present.
In the present embodiment, with respect to an interactive
light source (so-called smart illumination), as a result of
using information regarding the color temperature that can
be acquired from the light source, an accurate color tem-
perature can be obtained without being influenced by the
color of a subject. Also, as a result of being able to obtain an
accurate color temperature with respect to the interactive
light source, the accuracy of estimating the color tempera-
ture of a former light source that does not have a commu-
nication function can also be improved.

[0097] Note that the generation of the color temperature
map may be constantly executed, but may be executed only
when a specific condition is satisfied. For example, the
generation of the color temperature map may be executed at
atiming immediately before performing shooting for record-
ing (e.g., timing at which the shooting preparation instruc-
tion is detected), or at a timing at which the fact that the
captured scene has changed is detected.

Sep. 2, 2021

[0098] Also, when a portion of the shooting range regard-
ing which the color temperature map has already been
generated is to be shot, the color temperature map may be
generated by cutting out a map in a range corresponding to
the captured scene from the color temperature map that has
already been generated. For example, when the optical
system 101 is a zoom lens, as a result of generating the color
temperature map with respect to the shooting range at the
wide-angle end, a new color temperature map need not be
newly generated when the angle of view is changed or the
shooting range is slightly moved.

Second Embodiment

[0099] Next, a second embodiment will be described. The
present embodiment relates to white balance control (cal-
culation of white balance coefficient) using the color tem-
perature map generated in the first embodiment.

[0100] FIG. 4 is a flowchart regarding calculation process-
ing of the white balance coefficient based on an area of
interest.

[0101] In step S1001, the CPU 103 determines the area of
interest.
[0102] FIGS. 5A to 5G are schematic diagrams regarding

acquisition of the area of interest in step S1001. FIG. 5A
illustrates that a captured scene 1113 is illuminated by a
plurality of light sources 1111 and 1112. Also, FIG. 5B
illustrates a state in which the focusing area in the captured
scene 1113 is presented to a user by a focusing frame 1121.
In this case, the CPU 103 can set the focusing area indicated
by the focusing frame 1121 as the area of interest.

[0103] InFIG. 5C, the face region detected in the captured
scene 1113 is presented to the user by a face frame 1131. In
this case, the CPU 103 can set the face region indicated by
the face frame 1131 as the area of interest.

[0104] In FIG. 5D, an AF frame 1141 of an AF area that
is in focus out of a plurality of AF areas in the captured scene
1113 is shown to the user. In this case, the CPU 103 can set
the focusing area indicated by the AF frame 1141 as the area
of interest.

[0105] In addition to those described here, the area of
interest can be automatically determined based on a focusing
area or a detected feature area. Also, the user may also set
the area of interest. In this case, if the display unit 108 is a
touch display, the CPU 103 can determine the area of
interest based on the touch operation performed on a live
view screen. Alternatively, the CPU 103 may display a
movable frame for designating the area of interest on a live
view image in a superimposed manner, and determine the
area corresponding to the position of the frame designated
through the console unit 109 as the area of interest. Upon
determining the area of interest, in step S1002, the CPU 103
calculates the white balance coefficient. For example, the
CPU 103 acquires the color temperature regarding the area
of interest determined in step S1001 from the color tem-
perature map that has already been generated regarding the
captured scene 113, and can calculates the white balance
coeflicient based on the acquired color temperature. For
example, when the area corresponding to the focusing frame
1121 in FIG. 5B is determined as the area of interest, the
color temperature of a light source 1111 is set with respect
to the area corresponding to the area of interest in the color
temperature map. Therefore, the CPU 103 calculates a white
balance coefficient corresponding to the color temperature of
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the light source 1111. Note that the processing shown in the
flowchart in FIG. 4 may be executed by the image process-
ing unit 105.

[0106] In the present embodiment, the white balance coet-
ficient suitable for the area of interest can be calculated using
the color temperature map. Therefore, in a captured scene in
which light sources whose color temperatures are different
are present, the white balance control appropriate for the
user intention can be realized.

Third Embodiment

[0107] Next, a third embodiment will be described. In the
present embodiment, a case where the color temperature set
in the color temperature map generated in the first embodi-
ment is different from the actual color temperature is con-
sidered. Such a state may occur when the color temperature
of an interactive light source has changed due to degradation
over time or the color temperature of reflected light changes
from the color temperature of a light source due to an
influence of a subject color.

[0108] When the color temperature set in the color tem-
perature map is different from the actual color temperature,
the CPU 103 retrieves an area, in the captured image,
regarding which the color temperature that is the same as or
close to that of an area of interest (area indicated by the
focusing frame 1121 in FIG. 5B) is set from the color
temperature map, for example. Then, the CPU 103 can
estimate the color temperature by detecting a white area
(area 1123) from the retrieved area (e.g., area 1122 in FIG.
5B), similarly to step S204 in the first embodiment.
[0109] As a result of executing white detection in an area
regarding which a color temperature that is the same as that
of'the area of interest is set using the color temperature map,
in this way, the white balance coefficient can be calculated
without being influenced by a white area (e.g., area 1124)
regarding which another color temperature is set. Therefore,
more accurate white balance control can be realized.
[0110] Note that, in the present embodiment, an example
in which the color temperature by area can be directly (or
indirectly) obtained from the color temperature map is
illustrated, but the information regarding the absolute value
of the color temperature may not be needed. For example, if
it is possible to identify an area that is illuminated by a light
source having an unknown color temperature, the white
balance coefficient can be calculated by performing white
detection in the area.

[0111] In the present embodiment, an appropriate white
balance coefficient can be calculated even when the color
temperature or the color temperature map is different from
the actual color temperature and when the color temperature
of the light source is unknown.

Fourth Embodiment

[0112] Next, a fourth embodiment will be described. In the
second and third embodiments, an example in which the
influence of color temperatures of areas other than the area
of interest are removed has been described. However, there
may be cases where the white balance coefficient calculated
based on only the color temperature of the area of interest
may not be suitable for applying to the entire image.

[0113] As shown in FIG. 5E, for example, there are cases
where a large portion of the captured scene is illuminated by
a light source 1112 having a color temperature different from
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that of the light source 1111 that illuminates the area of
interest. In this case, if the white balance coefficient calcu-
lated based on the color temperature that is set regarding the
area of interest in the color temperature map is applied to the
entire image, the portion that is illuminated by the light
source 1112 may be seen as unnatural in terms of the color.
In such a case, a color temperature for obtaining a white
balance coefficient suitable for applying to the entire image
is calculated considering the color temperatures of the
plurality of light sources that illuminate the captured scene
1113.

[0114] For example, the color temperature of the light
source 1111 is denoted as K1, the size of the area that is
illuminated by the light source 1111 inside the captured
scene 1113 is denoted as S1, the color temperature of the
light source 1112 is denoted as K2, and the size of the area
that is illuminated by the light source 1112 inside the
captured scene 1113 is denoted as S2. In this case, the CPU
103 calculates the color temperature K using the following
Formula 2.

Color temperature K=(K1xS1x(+K2x.S2)/(S1x(+52)

[0115] Here, a is a priority coefficient of the area of interest
1121, and shows the weight of a light source that illuminates
the area of interest 1121 regarding the color temperature. As
a result of setting the priority coefficient a to a value that is
larger than 1, a color temperature K in which the area of
interest is focused on can be obtained. The priority coeffi-
cient o can be determined considering the type of the area
of interest (e.g., in the case of the face of a person, a larger
value is set than other cases) and the size of the area of
interest (e.g., the larger the area of interest is, the larger value
is set to a). Alternatively, a may be dynamically changed by
auser. In this case, the user can change a through the console
unit 109 such that the white balance that is preferable to the
user is obtained while observing the live view image. Also,
the configuration may be such that the calculation of the
color temperature K by Formula 2 is executed only when the
ratio of the area, with respect to the entirety of the color
temperature map, regarding which a color temperature that
is different from that of the area of interest is set is a
threshold value or more.

[0116] As a result of calculating the white balance coet-
ficient based on the color temperature K that is calculated
using Formula 2, even when most parts of the captured scene
have color temperatures of illumination that are different
from that of the area of interest, the white balance control
appropriate to the entire image can be realized.

(Formula 2)

Fifth Embodiment

[0117] Next, a fifth embodiment will be described. In the
present embodiment, the calculation method of the color
temperature to be used for calculating the white balance
coefficient when the area of interest is selected from a
plurality of candidate areas will be described.

[0118] FIG. 5F shows a state in which a plurality of face
regions 1161 and 1162 are detected from the captured image,
and the face region 1161 is brought into focus. Also, the
setting is assumed to be configured such that a face region
is determined as the area of interest. In this case, the CPU
103 selects the face region 1161 that is brought into focus as
the ultimate area of interest from the face regions 1161 and
1162 that are the plurality of candidate areas, and calculates
the white balance coefficient. In such a case, if a candidate
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area on which illumination having a color temperature
different from that of the area of interest is performed is
present in the candidate areas that are not selected, the white
balance coeflicient can be calculated considering this fact.
[0119] The CPU 103 can calculate the color temperature K
using the following Formula 3 in which a priority coefficient
p regarding the other face region 1162 is added to Formula
2 that is used in the fourth embodiment, for example.

Color temperature K=(K1xS1x0+K2xS2x)/(S1xa+
S2xP) (Formula 3)

[0120] Here, as a result of setting the priority coefficient §
to a value that is smaller than 1, the influence of the other
face region 1162 can be reduced. The priority coefficient §
can also be determined from the size of the face region 1162
(the larger the size, a value closer to 1 is set) and the depth
difference from the face region 1161 that is brought into
focus (the larger the depth difference, the smaller value than
1 is set), for example.

[0121] As a result of calculating the white balance coet-
ficient based on the color temperature K calculated using
Formula 3, when a plurality of candidates of the area of
interest are present, a white balance coefficient can be
calculated considering a candidate area that has not been
determined as the area of interest.

Sixth Embodiment

[0122] Next, a sixth embodiment will be described. In the
present embodiment, the calculation method of the color
temperature to be used for calculating the white balance
coefficient when the area of interest includes areas with
respect to which different color temperatures are set in the
color temperature map will be described.

[0123] FIG. 5G shows a state in which the subject area,
which is the area of interest, is present across an area 1171
illuminated by the light source 1111 and an area 1172
illuminated by the light source 1112. Here, the color tem-
perature of the light source 1111 is denoted as K1, the size
of the area 1171 illuminated by the light source 1111 inside
the subject area is denoted as Sa, the color temperature of the
light source 1112 is denoted as K2, the size of the area 1172
illuminated by the light source 1112 inside the captured
scene is denoted as Sb. In such a case, the CPU 103 can
calculate the color temperature K using the following For-
mula 4.

Color temperature K=(KaxSa+Kbx.Sh)/(Sa+Sb)

[0124] As a result of calculating the white balance coet-
ficient based on the color temperature K that is calculated
using Formula 4, even when the area of interest includes
areas with respect to which different color temperatures are
set in the color temperature map, an appropriate white
balance coeflicient can be calculated.

(Formula 4)

Seventh Embodiment

[0125] Next, a seventh embodiment will be described. In
the present embodiment, white balance control by area using
the color temperature map will be described.

[0126] The color temperature map in FIG. 6 is a schematic
diagram illustrated based on color temperatures set for
respective areas. An area A 2001, an area B 2002, an area C
2003, and an area D 2004 indicate respective areas with
respect to which different color temperatures are set.
Regarding each area of the color temperature map, light
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source information is set such as luminance of a light source
that illuminates the area, an acquisition method of the color
temperature of the light source, and a (correlated) color
temperature. Pieces of light source information 2005 to 2008
are respectively pieces of light source information of the
area A 2001 to area D 2004. Here, the luminance of a light
source is shown as a ratio (%) when the dynamic range of
the image sensor 102 is set as 100%. Also, the acquisition
method of the color temperature is white detection (step
S204) or color temperature identification (step S205) with
respect to the non-interactive light source 202, and acqui-
sition by communication (acquisition by optical wireless
communication or wireless communication when establish-
ing connection in step S207) with respect to the interactive
light source 201.

[0127] A case of being divided by area and a case of being
not divided by area are conceivable regarding the color
temperature map, and the case of being divided by area will
be described in the following. The color temperature map
divided by area can be created by repeating processing in
which a continuous area whose (correlated) color tempera-
ture is a predetermined threshold value or less centered
about a point (pixel, area) at which the luminance is highest
in the area before being divided by area is set as an area of
the same color temperature, until no area that is not sorted
is present

[0128] FIGS. 7A and 7B are flowcharts regarding the
white balance control by area, and FIG. 7A is an overall
flowchart and FIG. 7B is a flowchart illustrating the details
of step S2009.

[0129] In step S2009, the CPU 103 calculates light source
reliability for each area of the color temperature map. Note
that the light source reliability shows the credibility of the
(correlated) color temperature information that is set to the
color temperature map with a numerical value.

[0130] The specific processing in step S2009 will be
described using the flowchart in FIG. 7B.

[0131] In step S2015, the CPU 103 calculates, for each
area, using the luminance information of light sources
included in the light source information 2005 to 2008, the
contribution ratio of the interactive light sources 201 in light
illuminating the area. Note that the contribution ratio of an
interactive light source is constituted by two elements,
namely the ratio of illumination intensity of the interactive
light source relative to that of all of the light sources, and the
light amount accumulated in the image sensor 102.

[0132] The both of two elements for determining the
contribution ratio of the interactive light source are reflected
on the luminance information of each light source, and
therefore, when the luminance of an interactive light source
iis expressed by Yi (%), the contribution ratio Ra (%) of the
interactive light sources can be calculated using Formula 5.

Ra=XYi (Formula 5)

[0133] In step S2016, the CPU 103 calculates the light
source reliability using the contribution ratio of the interac-
tive light sources for each area. The light source reliability
Re_i of an area i is calculated using Formula 6 so as to be
100% when a contribution ratio Ra_i of the interactive light
source is a predetermined reliable threshold value Th (%) or
more.

Re_i=MIN[100xRa_i/Th,100]

[0134] In the estimation of color temperature by detecting
a white area such as that performed in step S204 in FIG. 2,

(Formula 6)
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an area that is considered to be white is detected from an
image, and it is difficult to distinguish between a white
subject that is illuminated by a light source having a low
color temperature and a red subject that is illuminated by a
light source having a high color temperature, for example,
and therefore it is possible that a white area is erroneously
detected. Therefore, in the present embodiment, the light
source reliability is calculated from the contribution ratio of
the interactive light sources from which highly accurate
color temperature can be acquired without depending on
information obtained from a captured image.

[0135] Note that, out of the interactive light sources 201,
the interactive light source having an optical communication
function may be handled such that the accuracy of the color
temperature that can be acquired therefrom is higher than
that from an interactive light source that does not have an
optical communication function. For example, the contribu-
tion ratio of the interactive light source having an optical
communication function and the contribution ratio of the
interactive light source that does not have an optical com-
munication function are separately obtained, and the ulti-
mate light source reliability may be calculated by perform-
ing weighted addition in which the weight of the former is
larger.

[0136] In step S2017, the CPU 103 reflects the influence
of an external factor (noise component) on the light source
reliability. Examples of the noise component includes a
saturated area of the image sensor 102, a point light source,
and sensor noise, but there is no limitation thereto, and the
noise component collectively indicate noise components
that cause the accuracy of the color temperature map to drop.
Here, the CPU 103 specifies, in the color temperature map,
an area whose size is smaller than a predetermined threshold
value as a noise area.

[0137] The size of an area that is not a noise area is
denoted by Sa, the size of a noise area i is denoted as Sn_i,
the light source reliability on which a noise component has
not been reflected is denoted as Re_a, and the light source
reliability on which a noise component has been reflected is
denoted as Re_b. The CPU 103 calculates the light source
reliability Re_a on which a noise component is reflected
using the following Formula 7.

Re_a=Re_bxSa/(ZSn_i+Sa)

[0138] For example, the light source reliability on which
the noise component of the area B 2002 is reflected is 19.8%,
when the area D 2004 is a noise area, the size of the area B
2002 is 990, and the size of the area D 2004 is 10.

[0139] Instep S2018, the CPU 103 performs weighting on
the light source reliability due to change over time of the
color temperature map.

[0140] a to ¢ in FIG. 8 schematically illustrate one
example of the change over time of the color temperature
map. When an area regarding which a certain color tem-
perature is set changes over time as shown from 2020 to
2021, and 2022, the CPU 103 changes the light source
reliability according to the shooting mode. Specifically, the
CPU 103 performs weighting such that the light source
reliability regarding an area whose size changes over time is
decreased in order to suppress the change between captured
images that have been successively shot over the period
from a to ¢ in FIG. 8 such as still images shot in a
consecutive shooting mode or a moving image. Specifically,
the weight can be set to 0 or a predetermined value of less

(Formula 7)
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than 1. Note that with respect to images that are not
successively shot such as still images that are shot in a
shooting mode other than the consecutive shooting mode
and the moving image mode, image quality is highly pri-
oritized and weighting that causes the light source reliability
to drop is not performed.

[0141] Next, in step S2019, the CPU 103 performs weight-
ing on the light source reliability using a distance map. Note
that the method of generating the distance map is not
specifically limited, and a known method can be used. The
distance map is information that represent the subject dis-
tance for each pixel, and may be a depth map (may be called
as a distance image, a depth image, or the like) in which the
luminance value represents the distance. For example, the
subject distance can be obtained for each pixel by obtaining,
for each pixel, the focus lens position at which the contrast
evaluation value obtained in the image processing unit 105
is largest. Also, the pixel-wise distance map can also be
obtained based on the correlation between the amount of
bokeh and the distance that is obtained from the image data
obtained by shooting the same scene a plurality of times
while changing the in-focus distance and the point spread
function (PSF) of the optical system. These techniques are
described in Japanese Patent Laid-Open No. 2010-17741
and U.S. Pat. No. 4,965,840, and the like. Also, when an
image sensor that can acquire a parallax image pair is used,
the subject distance can be obtained for each pixel using a
method such as stereo matching.

[0142] FIG. 9AA to FIG. 9CC are diagrams illustrating a
weighting method of light source reliability based on the
color temperature map and the distance map.

[0143] FIGS. 9AAto 9AC illustrate a case where the color
temperature map matches the distance map, and the light
source reliability is not influenced.

[0144] FIGS. 9BA to 9BC illustrate a case where the color
temperature map does not match the distance map, and the
light source reliability drops. FIGS. 9CA to 9CC illustrate a
case where although the color temperature map does not
match the distance map, the light source reliability does not
drop.

[0145] Note that FIGS. 9AA, 9BA, and 9CA show color
temperature maps, FIGS. 9AB, 9BB, and 9CB show dis-
tance maps, and FIGS. 9AC, 9BC, and 9CC show light
source reliabilities. Also, it is assumed that, in the distance
map, the areas shown by the same pattern represent the same
distance, and with respect to the light source reliability,
being closer to white indicates higher reliability, and being
closer to black indicates lower reliability. Note that the
distance map may be divided by area assuming that closer
distances are approximated to the same distance, similarly to
the color temperature map.

[0146] First, FIGS. 9AA to 9AC will be described.
Because the boundaries match between the color tempera-
ture map (FIG. 9AA) and the distance map (FIG. 9AB), it is
conceivable that the color temperature map (FIG. 9AA) is
correctly detected. Therefore, the CPU 103 determines that
the weighting on the light source reliability is not needed. As
a result, the light source reliabilities before weighting and
after weighting are each shown by FIG. 9AC.

[0147] Next, FIGS. 9BA to 9BC will be described. The
color temperature map (FIG. 9BA) is divided by area such
that an area 2023 is sandwiched between areas 2024 and
2025 whose color temperatures are different from that of the
area 2023. On the other hand, in the distance map (FIG.
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9BB), the area corresponding to the areas 2023 to 2025 in
the color temperature map is constituted by one distance
area 2026, and it can be understood that there is a difference
between the maps. Considering the property of the light
sources, the state in which, with respect to subjects at the
same distance, an area illuminated by a light source having
one color temperature is present between areas illuminated
by a light source having a color temperature different from
the one color temperature is not easily achieved, and there-
fore the CPU 103 determines to perform weighting so as to
decrease the light source reliability. When FIG. 9AC shows
the light source reliability before weighting and FIG. 9BC
shows the light source reliability after weighting, the light
source reliability 2027 regarding the area 2023 drops as a
light source reliability 2028, for example, by weighting.
[0148] Finally, FIGS. 9CA to 9CC will be described. In the
color temperature map (FIG. 9CA), color temperatures that
are different to each other are respectively set to areas 2029,
2030, and 2031, which constitute the entire area. On the
other hand, in the distance map (FIG. 9CB), areas 2033 and
2034 corresponding to the areas 2030 and 2031 in the color
temperature map are set as areas at the same distance. In this
case, although the distances of the areas 2033 and 2034 in
the distance map are the same, when the area 2032 is closer
than the area 2033, light is blocked by the subject in the area
2032, and therefore the state shown in the color temperature
map may be achieved. Therefore, the CPU 103 determines
that the weighting on the light source reliability is not
needed. As a result, the light source reliabilities before
weighting and the weighting are each shown as FIG. 9CC.
[0149] As described above, the CPU 103 performs weight-
ing on the area-wise light source reliability by comparing the
distance map and the color temperature map.

[0150] Returning to FIG. 7A, in step S2010, the CPU 103
determines whether or not the light source reliability of each
of all of the areas is less than a threshold value in order to
determine whether or not the white balance control is to be
performed for each area. The CPU 103, if it is determined
that the light source reliabilities of all areas are less than the
threshold value, executes step S2011, and if it is determined
that an area regarding which the light source reliability is the
threshold value or more is present, executes step S2012.
[0151] It is conceivable that with respect to the area
regarding which the light source reliability is less than the
threshold value, the possibility that the color temperature is
erroneously detected is high. When area-wise white balance
control is performed when the light source reliability is low
regarding all of the areas, it is possible that the color balance
of the entire image collapses. Therefore, if it is determined
that the light source reliabilities of all areas are less than the
threshold value, the CPU 103, in step S2011, applies a white
balance coefficient calculated based on white areas detected
from the entire screen using the image processing unit 105
to the entire image.

[0152] On the other hand, in step S2012, the CPU 103
calculates a white balance coefficient (hereinafter, referred
to as a “partial WB coefficient”) for an area regarding which
the light source reliability is the threshold value or more, in
order to separately apply white balance control to the area.
[0153] The partial WB coefficient may be calculated in
units of minimum area of the color temperature map, or may
be calculated in units of area after area division as shown in
FIG. 6. In the former case, the CPU 103 uses the (correlated)
color temperatures when the color temperature map was
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created as is for the respective areas. Also, in the latter case,
the CPU 103 uses the (correlated) color temperature at a
point, inside the area, at which the luminance is highest that
is calculated when the area division was performed. Note
that, in the latter case, the color temperature may be calcu-
lated by performing weighted averaging, with the lumi-
nance, on the (correlated) color temperatures regarding all
minimum areas included in each area. The method of
obtaining the white balance from the (correlated) color
temperature is known, and therefore the description thereof
is omitted here.

[0154] In step S2013, the CPU 103 calculates a white
balance coefficient (hereinafter, referred to as an “overall
WB coeflicient”) to be commonly applied to areas regarding
which the light source reliability is less than the threshold
value. If the overall WB coefficient is calculated based on
white areas detected from the entire screen, similarly to step
S2011, the overall WB coeflicient is influenced by the areas
to which the partial WB coefficients are applied. Therefore,
the CPU 103 controls the image processing unit 105 so as to
calculate the white balance coefficient by detecting white
areas from areas regarding which the light source reliability
is less than the threshold value.

[0155] In step S2014, the CPU 103 applies the white
balance coefficients calculated in steps S2012 and S2013 to
the respective areas using the image processing unit 105.
Basically, the partial WB coefficient and the overall WB
coeflicient need only be selectively applied to each area, but
the WB coefficient may be caused to gradually change
regarding boundary portions in order to make the boundary
between the area to which the partial WB coefficient is
applied and the area to which the overall WB coefficient is
applied is inconspicuous.

[0156] FIG. 10 is a diagram illustrating an example of the
mixing ratio between the partial WB coefficient and the
overall WB coefficient according to the light source reliabil-
ity. The horizontal axis in FIG. 10 shows the light source
reliability, and the vertical axis shows the mixing ratio
between the partial WB coefficient and the overall WB
coeflicient. When the light source reliability is less than a
threshold value a, only the overall WB coefficient is used.
When the light source reliability is the threshold value a or
more, the ratio of the partial WB coefficient becomes larger
than 0%. Also, in an area regarding which the light source
reliability is a threshold value b or more, only the partial WB
coeflicient is used. The overall WB coefficient is calculated
from areas regarding which the light source reliability is less
than the threshold value b. As a result of using the WB
coeflicient obtained by combining the partial WB coeflicient
and the overall WB coeflicient according to the mixing ratio
shown in FIG. 10, the boundary between the area to which
the partial WB coeflicient is applied and the area to which
the overall WB coefficient is applied can be made incon-
spicuous.

[0157] According to the present embodiment, as a result of
appropriately using the partial WB coefficient and the over-
all WB coefficient that are to be used for the white balance
control processing by area according to the light source
reliability regarding the area, collapsing of the color balance
that occurs as a result of performing the white balance
control by area on the entire screen can be suppressed.
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OTHER EMBODIMENTS

[0158] Embodiment(s) of the present invention can also be
realized by a computer of a system or apparatus that reads
out and executes computer executable instructions (e.g., one
or more programs) recorded on a storage medium (which
may also be referred to more fully as a ‘non-transitory
computer-readable storage medium’) to perform the func-
tions of one or more of the above-described embodiment(s)
and/or that includes one or more circuits (e.g., application
specific integrated circuit (ASIC)) for performing the func-
tions of one or more of the above-described embodiment(s),
and by a method performed by the computer of the system
or apparatus by, for example, reading out and executing the
computer executable instructions from the storage medium
to perform the functions of one or more of the above-
described embodiment(s) and/or controlling the one or more
circuits to perform the functions of one or more of the
above-described embodiment(s). The computer may com-
prise one or more processors (e.g., central processing unit
(CPU), micro processing unit (MPU)) and may include a
network of separate computers or separate processors to read
out and execute the computer executable instructions. The
computer executable instructions may be provided to the
computer, for example, from a network or the storage
medium. The storage medium may include, for example, one
or more of a hard disk, a random-access memory (RAM), a
read only memory (ROM), a storage of distributed comput-
ing systems, an optical disk (such as a compact disc (CD),
digital versatile disc (DVD), or Blu-ray Disc (BD)™), a
flash memory device, a memory card, and the like.

[0159] While the present invention has been described
with reference to exemplary embodiments, it is to be under-
stood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims
is to be accorded the broadest interpretation so as to encom-
pass all such modifications and equivalent structures and
functions.

[0160] This application claims the benefit of Japanese
Patent Application No. 2020-033750, filed on Feb. 28, 2020
which is hereby incorporated by reference herein in its
entirety.

What is claimed is:

1. An image processing apparatus that generates, from a
captured image, a color temperature map that indicates color
temperature information of light illuminating a captured
scene for each area, comprising:

one or more processors that execute a program stored in
a memory and thereby function as:

a determining unit configured to determine, for each area
of the captured image, either an interactive light source
that has a communication function, a non-interactive
light source that does not have a communication func-
tion, or both of the interactive light source and the
non-interactive light source is a light source that illu-
minates a corresponding area in the captured scene; and

a generating unit configured to generate the color tem-
perature map using: a result of determination made by
the determining unit, color temperature information
acquired from the interactive light source through com-
munication, and color temperature information of the
non-interactive light source that is estimated based on
the captured image.

2. The image processing apparatus according to claim 1,

wherein the one or more processors further function as:
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an estimating unit configured to estimate color tempera-
ture information of the non-interactive light source,

wherein the estimating unit estimates the color tempera-
ture information of the non-interactive light source by
detecting a white area from the captured image.

3. The image processing apparatus according to claim 2,
wherein the estimating unit estimates the color temperature
information of the non-interactive light source by detecting
a white area from an area, in the captured image, that
corresponds to an area, in the captured scene, that is illu-
minated by the non-interactive light source and is not
illuminated by the interactive light source.

4. The image processing apparatus according to claim 2,

wherein the estimating unit

acquires, with respect to each of captured images obtained
in states in which the color temperature of the interac-
tive light source are different, a difference between:

a color evaluation value with respect to an area, in the
captured image, that corresponds to an area, in the
captured scene, that is illuminated by the non-inter-
active light source and is not illuminated by the
interactive light source; and

a color evaluation value with respect to an area, in the
captured image, that corresponds to an area, in the
captured scene, that is illuminated by the interactive
light source, and

estimates the color temperature information of the non-
interactive light source based on change in the acquired
differences.

5. The image processing apparatus according to claim 1,

wherein the one or more processors further function as:

a calculating unit configured to calculate a white balance
coeflicient to be applied to the captured image using the
color temperature map; and

an applying unit configured to apply the white balance
coefficient to the captured image.

6. The image processing apparatus according to claim 5,
wherein the calculating unit calculates the white balance
coeflicient based on color temperature information that
corresponds to an area of interest of the captured image and
that is acquired using the color temperature map.

7. The image processing apparatus according to claim 6,
wherein the calculating unit calculates the white balance
coeflicient based on a white area, in the captured image,
detected from an area, in the color temperature map, having
color temperature information that is the same as that of the
area of interest.

8. The image processing apparatus according to claim 5,
wherein the calculating unit calculates the white balance
coeflicient based on color temperature information obtained
by performing weighted addition on pieces of color tem-
perature information using weights according to the sizes of
areas having the same color temperature information in the
color temperature map.

9. The image processing apparatus according to claim 8,
wherein, in the weighted addition, the weight of color
temperature corresponding to an area of interest in the
captured image is increased.

10. The image processing apparatus according to claim 9,
wherein, in a case where the area of interest is selected from
a plurality of candidate areas, and there is a candidate area
having different color temperature information, in the color
temperature map, from that of the area of interest among
candidate areas that are not selected, the calculating unit
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calculates the color temperature information using a weight
regarding the candidate area that is not selected.

11. The image processing apparatus according to claim 6,
wherein the calculating unit, when a plurality of pieces of
color temperature information are set regarding the area of
interest in the color temperature map, calculates the white
balance coefficient based on color temperature information
obtained by adding the plurality of pieces of color tempera-
ture information according to the sizes of areas correspond-
ing to the respective pieces of color temperature informa-
tion.

12. The image processing apparatus according to claim
11, wherein the calculating unit, when obtaining the size,
excludes the size of an area that is determined to be a noise
component.

13. The image processing apparatus according to claim 5,
wherein the calculating unit calculates a white balance
coeflicient for each area of the captured image using the
color temperature map.

14. The image processing apparatus according to claim
13, wherein the calculating unit calculates, when the reli-
abilities of pieces of color temperature information in the
color temperature map are all less than a predetermined
threshold value, a white balance coeflicient based on the
entirety of the captured image in place of calculating a white
balance coefficient for each area.

15. The image processing apparatus according to claim
14, wherein the calculating unit calculates the reliability of
the color temperature information using a distance map
corresponding to the captured image.

16. The image processing apparatus according to claim
14, wherein the calculating unit calculates a white balance
coeflicient for each area, with respect to areas that have the
color temperature information whose reliability is the
threshold value or more, out of the captured image.

17. The image processing apparatus according to claim
16, wherein the applying unit applies a white balance
coefficient calculated for each area to areas that have the
color temperature information whose reliability is the
threshold value or more, out of the captured image, and
applies a white balance coefficient calculated based on the
entirety of the captured image to areas that have the color
temperature information whose reliability is less than the
threshold value.

18. The image processing apparatus according to claim
14, wherein the calculating unit decreases the reliability with
respect to color temperature information, out of pieces of
color temperature information of the color temperature map,
regarding which the contribution ratio of an interactive light
source is less than a predetermined threshold value.

19. The image processing apparatus according to claim
14, wherein the calculating unit decreases the reliability of
color temperature information with respect to an area
regarding which the color temperature information changes
over time, out of the color temperature map.

20. The image processing apparatus according to claim
19, wherein the calculating unit does not decrease the
reliability of color temperature information with respect to
an area regarding which the color temperature information
changes over time, if the captured image is not a moving
image or a still image that has been shot in a consecutive
shooting mode.
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21. An image capture apparatus comprising:

an image sensor; and

an image processing apparatus that generates, from a

captured image obtained by the image sensor, a color

temperature map that indicates color temperature infor-
mation of light illuminating a captured scene for each
area,

wherein the image processing apparatus comprises:

one or more processors that execute a program stored in

a memory and thereby function as:

a determining unit configured to determine, for each
area of the captured image, either an interactive light
source that has a communication function, a non-
interactive light source that does not have a commu-
nication function, or both of the interactive light
source and the non-interactive light source is a light
source that illuminates a corresponding area in the
captured scene; and

a generating unit configured to generate the color
temperature map using: a result of determination
made by the determining unit, color temperature
information acquired from the interactive light
source through communication, and color tempera-
ture information of the non-interactive light source
that is estimated based on the captured image.

22. The image capture apparatus according to claim 21,
wherein the image capture apparatus includes optical com-
munication sensors for receiving a signal from an interactive
light source having an optical communication function, and
the optical communication sensors are regularly arranged in
a pixel array included in the image sensor.

23. An image processing method for generating, from a
captured image, a color temperature map in that indicates
color temperature information of light illuminating a cap-
tured scene for each area, the image processing method
comprising:

determining, for each area of the captured image, either an

interactive light source that has a communication func-

tion, a non-interactive light source that does not have a

communication function, or both of the interactive light

source and the non-interactive light source is a light
source that illuminates a corresponding area in the
captured scene; and

generating the color temperature map using a result of the

determination, color temperature information acquired
from the interactive light source through communica-
tion, and color temperature information of the non-
interactive light source that is estimated based on the
captured image.

24. A non-transitory computer-readable medium storing a
program for causing a computer to execute an image pro-
cessing method for generating, from a captured image, a
color temperature map in that indicates color temperature
information of light illuminating a captured scene for each
area, the image processing method comprising:

determining, for each area of the captured image, either an

interactive light source that has a communication func-

tion, a non-interactive light source that does not have a

communication function, or both of the interactive light

source and the non-interactive light source is a light
source that illuminates a corresponding area in the
captured scene; and

generating the color temperature map using a result of the

determination, color temperature information acquired
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from the interactive light source through communica-
tion, and color temperature information of the non-
interactive light source that is estimated based on the
captured image.
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